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Abstract

Background: Routine diagnostic methods of Vesicoureteral reflux (VUR) are
invasive and can cause exposure to radiation and may increase risk of urinary
tract infections. Therefore, introducing reliable, non invasive methods might be
more interested in pediatric nephrology. The objective of this perospective case
control study was to evaluate the prognostic value of urinary neutrophil-
gelatinase associated lipocalin (UNGAL) on antenatal hydronephrosis (AH) with
and without VUR.

Materials and Methods: A total of 50 patients diagnosed with AH; 78% males
with mean age 5.71+ 2.1 years, including 27 AH with VUR and 23 AH without
VUR, and 19 normal healthy children; 78.9% males with mean age 5.63 + 1.89
years, were enrolled in this study. Urinary NGAL levels were measured by
enzyme linked immunosorbent assay (ELISA).

Results: There was a significant difference in UNGAL concentration between
AH patients and controls (0.80 £ 0.26 and 0.29 £+ 0.27 ng/ml, p<0.0001).
However, the levels of uNGAL was not significantly deviated between AH
patients with VUR compared to those without VUR (0.84 + 0.34 vs. 0.75 + 0.13,
p=0.419). Standardization of NGAL based on urinary creatinine (uUNGAL/uCr)
showed a significantly difference between AH neonates with VUR compared to
those without VUR (2.43+1.61 vs. 1.91+0.79, p<0.0001). Receiver operator
characteristic (ROC) analysis revealed higher prognostic power of uNGAL for
identifying AH with a sensitivity; 95.7%, and specificity; 84.2%. Meanwhile,
the levels of UNGAL or NGAL/UCr ratio did not correlate with reflux grade or
laterality.

Conclusions: The urinary level of NGAL and NGAL/Cr ratio might be a
surrogate non invasive, reliable tool to distinguish hydronephrosis.

Keywords: NGAL; Antenatal hyronephrosis; Vesicoureteral reflux; Neonate;
Creatinine; Urine

Please cite this article as: Mohammadjafari H, Rafiei A, Abedi M, Aalaee A, Mirabi AM, Abedi E. Urinary Neutrophil-
Gelatinase Associated Lipocalin is a more Prognostic Biomarker to Distinguish Antenatal Hydronephrosis in Neonates. Res

Mol Med. 2013; 1 (2): 10-16

Introduction

Abnormalities of the urinary tract are reported to
account for 30-50% of fetal anomalies (1). Of these
hydronephrosis
vesicoureteral reflux (VUR) has been reported in

anomalies, antenatal
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approximately 10%-20% (2-3). Because VUR is one
of the major challenging in pediatrics field, which
might be associated with some serious consequences

including -
such as reflux nephropathy (4), attendance to this
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renal abnormality is more important in all infants.
On the other hand, VUR is a detrimental condition
which may lead to scarring, urinary tract infection
(UTI), and chronic kidney disease (5). So that the
early identification of VUR in neonates with
antenatal hydronephrosis is more need to prevent
other severe complications in which may lead to
kidney loss of function.

Nowadays, the most common diagnostic tool for
VUR is a voiding cystourethrography (VCUG) or
direct radioisotope cystography (DRNC) which uses
for male and female children, respectively. Not only
these methods are based on radioisotope exposure of
each child at early age and its physician but it has
demonstrated that they increased the risk of UTlIs.
These limitations are justifies the ongoing search for
noninvasive reliable urinary biomarkers with the
potential to aid early fast identification of kidney
injury. We need to perform radiating and invasive
tools for diagnosing VUR. Both voiding
cystoureterography and  isotope  cystography
initiated with catheterization a disturbing procedure
and exposed patient to radiation (6). In recent years
some effort made to replace other noninvasive ways
for predicting VUR, urinary biomarkers level was
the most known of them.

Neutrophil gelatinase-associated lipocalin (NGAL),
a 25 kDa protein of lipocalin family with iron carrier
capacity, was originally identified in neutrophils, but
it is also expressed at low constant rate in some cell
types (7). NGAL, also known as lipocalin 2,
involves in multiple processes such as innate
immunity, apoptosis, and renal development.
Accordingly, in healthy individuals, low levels of
NGAL are detectable in the blood and urine (8).
However, higher expression of NGAL in response to
various pathological states, such as inflammation,
infection, and acute kidney injury has been reported
in kidney, liver and epithelial cells (9-10). Unlike
creatinine, NGAL is specifically induced in
damaged nephron epithelium. Therefore, NGAL is
not only would be a more promising indicator of
acute kidney failure but it has reported that it is
associated with worsening of clinical outcomes (11-
12) . Interestingly, over expression of NGAL is
more rapidly occurred than that creatinine following
kidney injury in which leads to increase urinary and
serum NGAL levels (13). Therefore, this cohort
study was aimed to assess whether urinary NGAL
(UNGAL) could be a fast and reliable biomarker for
predicting VUR among patients with antenatal
hydronephrosis.

Materials and Methods
The prospective cohort study was conducted on 50
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antenatal hydronephrotic patients referred to Boali
Sina Hospital in Sari, North of Iran during Jan 2012
to June 2013. Twenty healthy neonates who
matched to the patients for sex, age, and delivery
type were considered as controls. All aspects of the
current study were approved by the Medical
Research Ethics Committee at the Mandazaran
University of Medical Sciences and conformed to
the ethical guidelines set forth in the Declaration of
Helsinki. Prior to enrollment, all patient parents
were given an explanation of the nature of the study,
and written informed consent was obtained. The
only inclusion criterion was the diagnosis of prenatal
hyronephrosis, defined as the presence of renal
pelviectasis, evidence of dilatation of the anterior
posterior pelvic diameter (APPD) > 7 mm on third
trimester of gestational period and APPD > 5 mm
for those in less than third trimester of pregnancy.
The patients with renal cysts, duplex system, renal
dysfunction, any history of urinary tract infection, or
syndromes of other congenital anomalies known to
be associated with VUR, in addition, those with
suspected urinary tract obstruction were excluded
from the study. Postnatal ultrasonography
examination was undertaken at the first and 6 weeks
of age for all neonates according to standard
protocol. The postnatal ultrasonography was carried
out by a single independent expert radiologist
blinded to the results of the Voiding cysto-
urethrography (VCUG). VCUG was considered for
the neonates at first week for patients with bilateral
hydronephrosis and at 6-8" week for those with
unilateral forms.

The reflux was graded as | to V on conventional
VCUG and qualitatively as three level of mild,
moderate and severe on DRNC. These two separate
findings were matched. Accordingly, grade 1 and 2
of VUR were considered as mild, grade 3 as
moderate and grades 4 and 5 as severe VUR. 99m
DTPA scan were undertaken for the patients with
moderate and severe hydronephrosis at the second
postnatal month. Based on imaging findings patients
were classified in three groups; hydronephrotic
neonates with VUR (AH+VUR), antenatal
hydronephrosis and normal VCUG (AH without
VUR), and healthy control (Control). Healthy
controls were whom have a history of normal
prenatal sonography and referred to our center for
routine examinations.

Urine creatinine and NGAL assay

Fresh voided urine samples were obtained at the first
weak prior to contrast studies. Samples were
collected in sterile containers and immediately
centrifuged and the supernatant frozen at -70°C until
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required. Urine was tested for presence of blood or
leucocytes using urine analysis strips and the
samples containing blood or leucocytes were
excluded from the study. NGAL was determined by
enzyme-linked immunosorbent assay (ELISA) kits
(GenWay, San Diego, CA). Sample preparation and
assay procedure were followed according to the
manufacturer’s recommendation. The absorbance
values for standards and samples were obtained at
450 nm and the standard curves constructed for each
assay were compared and used to minimize inter
assay variation. The concentrations  were
interpolated from standard curves expressed in
ng/ml. The sensitivity of kits to detect NGAL was
0.0lng/ml. To avoid any bias, all samples were
analyzed blind. All samples were run in duplicate
with the appropriate standards on 96-well micro
plates.

Statistic analysis

Categorical data were presented as percentages
while non categorical variables were expressed as
mean + standard deviation (SD). Statistical analysis
of difference between groups was determined by t
test, Fisher exact test for two groups’ comparison,
one —way analysis of variance (ANOVA) for three
groups comparisons and chi square for comparison
of qualitative data. A receiver operating
characteristics (ROC) analysis was employed to

calculate the area under the curve (AUC) to find the
best cutoff values providing the highest diagnostic
specificity followed by the best sensitivity.

Results
Characteristics of VUR patients

The baseline clinical features of the cohort are
summarized in Table 1. There was no significant
difference in age between studied groups (p=0.761).
In addition, although the male gender was more
prominent in all three groups but there was no
significant difference in sex distribution among
study groups. The most of neonates fulfilled
gestational period and this trend was observed in all
three groups (P=0.327). Caesarian delivery was the
major finding in all subjects and the type of delivery
was not met significant difference between study
groups. A second objective was to assess laterality
of hydronephrosis in neonates with antenatal
pelviectasis.  Accordingly, the frequency of
unilateral hydronephrosis was higher than bilateral
types in antenatal hydronephrotics patients with and
without VUR but we have not seen any significant
differences between two groups (p=0.362). In
addition, the VUR was more frequently in mild and
moderate than severe in AH with VUR patients.

Table 1. Demographic and clinical findings of patients with antenatal hydronephrosis with or without vesicourethral reflux.

AH+VUR AH without VUR Controls p_value
(n=27) (n=23) (n=19)
Age-(day) 5.93+£2.1 5.56+1.41 5.63+£1.89 0.761
Sex
Male 20 (74.1) 19 (82.6) 15(78.9) 0.76 4
Female 7(25.9) 4(17.4) 4(21.1)
Gestational age
Term 23 (88.5) 21 (91.3) 19 (100) 0.327
Preterm 3(11.5) 2 (8.7) 0
Type of delivery
Natural Vaginal delivery 2(8.3) 3(13) 2(10.5) 0.872
Caesarian delivery 22 (91.7) 20 (87) 17 (89.5) 0.72
laterality
Unilateral 14 (51.9) 14(60.9) 0.362*
Bilateral 13(48.1) 9(39.1)
Severity of reflux
Mild 13 (37.1)
Moderate 13 (37.1)
Severe 9(25.7)

*This P value obtained to comparing only group one and two
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Urine NGAL levels as an indicator of vesicoureteral
reflux

In order to evaluate the prognostic value of UNGAL
in children with VUR, the concentrations of NGAL
was measured in three study groups. Noteworthy,
creatinine is a routine indicator of kidney function,
the level of this marker was also assessed in all
groups. In addition, to normalize urine biomarkers
for each sample, the urine levels of NGAL was
standardized to the urine creatinine and expressed in
ng/mg uCr. As it was shown in Table 2, the levels of
NGAL were significantly higher in AH patients with
or without VUR compared to controls (p<0.0001).
Post Hoc multiple comparison analysis was revealed
that the differences was significant only between
patients and controls but not in patients with VUR
and those without VUR (p=0.419). After
normalization of NGAL levels based on urine
creatinine, in comparison to controls, the mean
levels of NGAL/uCr ratio was significantly higher in
AH patients with VUR than that AH without VUR
(p<0.0001) (Table 2).

Table 2. Urine biomarker levels in antenatal hydronepherotic
patients with or without VUR.

AH+VUR  AHwithout Controls

M=27)  VUR@=23) (=19) -value

Urine 0.423£0.18  (.53+0.49 0.53:0.32  0.469
creatinine

NGAL 0.84+034  0.75+0.13 0.2910.28  <0.0001

NGAL/ 243+1.61  191+0.79 0.67£0.67  <0.0001
uCr

In the next step, we tempted to evaluate whether the
levels of UNGAL could be a severity indicator of
reflux. As it was shown in Table 3, although the
levels of NGAL were higher in severe form of VUR
compared to moderate or mild but these differences
were not statistically significant (p=0.7).

Table 3. The effect of severity of VUR on urine NGAL levels.

UNGAL (meanz SE) ?mNeGaﬁl_/sCEr)
Mild VUR 0.83+04 22+03
Moderate VUR ~ 0.79+0.1 2.37+0.4
Severe VUR 0.91+0.2 2.36+0.8
P-value 0.7 0.9

This insignificant differences were also seen when
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the levels of NGAL normalized upon in urine
creatinine (p=0.9).

In addition, the type of reflux was not significantly
affected the production of NGAL (p=0.596,). On the
other hand, the levels of NGAL was not differed in
the patients with bilateral VUR and those with
unilateral VUR (0.8 + 0.2 vs. 0.9 + 0.4 ng/ml,
p=0.596).

Sensitivity and Specificity in uNGAL biomarker

In the final step, we assessed the anticipative power
of UNGAL for identifying antenatal hydronephraosis.
Figure 3 shows the ROC curve analysis of uNGAL
to predict the VUR in patients with antenatal
hydronephrosis. The area under the curve (AUC)
was 0.537 with an optimal cutoff value of 0.725
ng/mL, sensitivity; 50% and specificity; 47.8%.

In addition, when we standardized absolute UNGAL
upon in urinary creatinine levels, the prediction
levels of NGAL for VUR was not significantly
changed in comparison to absolute NGAL levels.
Accordingly, the sensitivity, specificity, and AUC
for uNGAL/uCr were 50%, 56.5% and 0.565,
respectively.

2,007

Mean of uNGAL/uCr

1.00

T T T
VUR+AH AHwithout VUR Normal
Study groups

Figure 1. Mean plot urine NGAL/UCr ratio in antenatal
hydronephrotics neonates with or without VUR.

For comparing hydronephrotic patients from normal
neonates, the AUC, sensitivity, and specificity of
urinary NGAL value of 0.565 mg/ml were 0.914,
95.7% and 84.2%, respectively (Table 4).

Discussion

vesicoureteral reflux is a recognized cause of
antenatal hydronephrosis and is associated with
significant morbidity (14) . The main finding of this
study was a significant increased in uNGAL levels
in antenatal hydronephrotic patients compared to
healthy controls. On the other hand, uNGAL would
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be more likely to be more sensitive tool to identify
hydronephrosis in neonates (sensitivity, 95.7%). It
also has a reasonable specificity to differentiate
antenatal hydronephrosis with specificity up to
84.2%. Meanwhile, this biomarker was not shown a
desirable sensitivity and specificity to differentiate
vesicoureteral reflux in a background of antenatal
hydronephrosis. The major source of NGAL is
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neutrophil which produce this natural immunity
protein with antibacterial properties it in response to
Gram negative bacterial infections (15-16).
However, NGAL notably induce in some other
conditions not necessarily associated with infective
processes, such as inflammatory processes, cancers,
and acute renal damage.

B =
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0.0 0.2 0.4 0.6 08 1.0
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Figure 3. Receiver operating curve to identify VUR, (detect groupl from 2). (A) curve is for urinary NGAL [area under curve (AUC); 0.537,
SE: 0.84, 95% CI: 0.372 to 0.702)]. (B) curve shows urinary NGAL/uCr ratio [AUC; 0.565, SE; 0.83, 95% CI: 0.403 to 0. 728)].

VUR: Vesicoureteral reflux, SE: Sensitivity, Cl: Confidence interval.

Otherwise, insignificant differences in uNGAL
levels between antenatal hydronephrotic patients
with VUR and those without VUR is accordance to
an experimental ischemia-reperfusion study using
aNGAL knockout mice that showed this protein is
effectively able to prevent early damage, but
probably did not promote the advance processes
(16). The value of NGAL in pediatric field of
medicine was most assessed in Kidney injury states.
Askenazi in 2 nested case-control studies on very
low birth weight and normal weight neonates found
that urinary level of NGAL was higher in neonates
with acute kidney injury compared with normal ones
(17-18).Recently, a fewinvestigations were performed
to evaluate such levels in obstructive hydronephrotic
children. Mia Gebauer Madsen et al., in a study on
children suffered from ureteropelvic junction
obstruction, evaluated NGAL levels in preoperative,
perioperative, and postoperative periods and found a
significant increased of NGAL in the perioperative
urine compared to healthy controls. However, this
surge of NGAL concentration was transient and its
trend followed with an insignificant declined in 3and
12 month post operation (19). Increased levels
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compared to healthy controls is in perfect agreement
with those observations in a prospective study
conducted by Wasilewska et al., reporting
significantly higher levels of uNGAL/Cr in children
with  congenital hydronephrosis  caused by
ureteropelvic junction obstruction (20). Recently,
Cost et al., in a prospective cohort study in patients
treated with  unilateral dismembered pyeloplasty
showed an increased level of bladder NGAL in
children with ureteropelvic junction obstruction
compared to controls (5). Interestingly, up regulation
in NGAL production has been reported to be
associated with worsening obstruction in patients
with  ureteropelvic junction obstruction (4).
However, we didn’t enrolled obstruction as an
inclusion criterion but the urinary NGAL strict and
standardized values were Significantlyhigher in
hydronephrotic groups those normal neonates. We
also calculated two cut off values of urinary NGAL
concentration and NGAL-/uCr ratio with high
sensitivity and specificity todistinguish
hydronephrotic newborns from normal ones.

Res Mol Med, 2013; 1(2): 14
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Table 4. Sensitivity and specificity and of urinary levels of NGAL and NGAL/uCr ratio for comparing hydronephrotic patients (AH) with
normal neonates and AH with VUR (AH+VUR) group compared with AH without VUR.

Marker AH vs. healthy controls AH+VUR vs. AH without VUR

Level Sensitivity Specificity Level Sensitivity Specificity
Urinary NGAL  (ng/ml) 0.5650 95.7 84.2 0.7225 50 47.8
Urinary NGAL/Cr (ng/mg) 0.8291 91.3 73.7 2.0855 50 56.5
The main aim of our study was the importance of NGAL/uUCr ratio with high sensitivity and specificity
NGAL biomarker for anticipating VUR in to distinguish hydronephrotic newborns from
hydronephrotic neonates. We also calculated two cut normal ones.

off values of urinary NGAL concentration and

1.0 1.0
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0.6 0.6
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Figure 4. Receiver operating curve to detect AH, (detect group 2 from 3). (A) curve was shown for urinary NGAL (AUC; 0.914, SE 0.055,
95% CI: 0.806 to 1.000)]. (B) curve for urinary NGAL/Cr ratio (AUC; 0.879, SE; 0. 055, 95% CI; 0.770 to 0. 987)].
VUR: Vesicoureteral reflux, SE: Sensitivity, Cl: Confidence interval

The main aim of our study was the importance of age and then its level rapidly declined in normal
NGAL biomarker for anticipating VUR in children (21), 3- other sources for NGAL production
hydronephrotic neonates. We found that the urinary except tubular cells (23-24). Taken to gather,
level of NGAL was not differed between patients although the levels of NGAL weren’t differentiated
with VUR and those without reflux but urinary VUR in antenatal hydronephrotic children but the
NGAL/Cr ratio was significantly higher in neonates normalized analyte based on Cr levels might be a
with VUR. In contrast to our finding, Ichino et al. prognostic non invasive tools to predict VUR.
demonstrated that in comparison to normal children, Therefore we cannot suggest uUNGAL level for
urinary NGAL levels were significantly increased in anticipating VUR but urinary NGAL/Cr ratio is a
patients with VUR and renal scarring without relatively useful measure for this purpose.

evidence of UTI (21). However, these discrepancies
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